Abstract: Laniarius atroflavus is a sedentary member of the bush-shrike radiation (family Malaconotidae) and in our first paper, it appeared with strong divergence between its two subspecies. To confirm this divergence and leaning partially on our first obtained results, we investigated a genetic variation of the individuals of Laniarius atroflavus atroflavus (West Africa) and Laniarius atroflavus craterum (West Africa). For the genetic variation, we use two mitochondrial genes (ATPase6 and ND2) to calculate their genetic distances within the Laniarius ingroup and to explore their mutational differentiation. With our ATPase6 and ND2, a genetic distance of 1.66% and 2.14% has been respectively estimated between individuals of Laniarius atroflavus atroflavus (Cameroon Mountain) and Laniarius atroflavus craterum (Manenguba Mountain) whereas it was, for the same markers, of 0% and 0.57% respectively between specimens of Laniarius atroflavus craterum only caught in diverse parts of the Manenguba Mountain. For the mutational differentiation, a total of 34 different molecular characters have been observed with the two markers investigated between these two subspecies. Leaning on some dating results, it appears that Laniarius atroflavus atroflavus diverged from Laniarius atroflavus craterum during the Quaternary period and these dates correspond remarkably with those suggested for several polyphased volcanic activities noted in the Cameroon Volcanic Line. For these separate sedentary birds which are marked by their clinal size variation, measures of their wings as well as the variation of the color of their breast and belly, a possible secondary contact will certainly lead to reinforcement. Thus, we suggest resurrecting names Laniarius atroflavus Shelley, 1887 and Laniarius craterum Bates, 1926 for individuals of the populations hitherto referred as Laniarius atroflavus atroflavus and Laniarius atroflavus craterum respectively.
INTRODUCTION
Laniarius is one of the diverse lineages within the avian bush-shrike radiation, the family Malaconotidae [1, 2] . Before our first molecular study concerning this genus [1] , relationships of their members were poorly known and groupings were realized on the basis of plumage colours [3] [4] [5] [6] . Since our study, their monophyly is strongly supported and relationships of their members are clearly known [1] . Otherwise, this study permitted to note that within the Laniarius group the variation in pigments and patterns does not follow phylogenetic lineages and the plumage coloration appears as an unreliable morphological character for defining species and species groups [1] . According to [2] , Laniarius comprises of twenty-one (21) species among these, Laniarius atroflavus.
The Yellow-breasted Boubou is often described as a monotypic Boubou which has a very restricted geographic range. It is a sedentary resident which lives only in the West of Africa; thus Laniarius atroflavus is found only in Cameroon and Nigeria (see Figs. 1 and 2) . Generally, it lives naturally in tropical and subtropical moist montane forests or moist shrubland as well as in tropical and subtropical high altitude shrubland even if sometimes it can be found in wetlands like permanent rivers, streams and creeks as well as in tropical and subtropical heavily degraded forest [3, 6] .
According to [2] , Laniarius atroflavus is a monotypic species but for [7] , this species is represented by two subspecies, Laniarius atroflavus atroflavus Shelley, 1887 and Laniarius atroflavus craterum Bates, 1926 . And as [7] , this species is usually known to have at least two races in Cameroon with a clinal size variation, L. a. craterum being slightly greater than L. a. atroflavus. Laniarius atroflavus atroflavus is thus only distributed to Cameroon Mountain (West Cameroon) while Laniarius atroflavus craterum is distributed from Manenguba Mountain to Bamenda Highlands, Obudu Plateau, Mambilla Plateau and Chappal Hendu (West Cameroon and South East of Nigeria) [2, 3, 6] .
Before our study [1] and according to some authors such as [3] , Laniarius atroflavus was included in the barbarus superspecies with L. mufumbiri, L. barbarus, L. ruficeps and L. atrococcineus; but our study did not confirm this superspecies even if it supported the closed relation with L. mufumbiri [1] . In this study concerning the genus Laniarius [1] , we had included the two subspecies of Laniarius atroflavus, L. a. atroflavus and L. a. craterum. Oddly, these two subspecies showed a deep divergence which is strongly supported in all our protein-coding genes ATPase6 and ND2 as well as our combined dataset with a high bootstrap (see [1] ).
The type subspecies of the species Laniarius atroflavus Shelley, 1887 is Laniarius atroflavus atroflavus which was initially described as Laniarius atroflavus Shelley, 1887. And this species, according to authors, includes two (2) subspecies or two races which in principle have usually a different size. The second subspecies of Laniarius atroflavus is Laniarius atroflavus craterum Bates, 1926 which has been described as such and which has a restricted geographic range (see Figs. 1 and 2) .
Leaning partially on our first obtained results concerning the genus Laniarius [1] , in this study which includes the type subspecies of the species Laniarius atroflavus Shelley, 1887, we investigate a genetic variation of the two subspecies of Laniarius atroflavus caught in two places in West Africa (Cameroon Mountain and Manenguba Mountain). For this, we used two mitochondrial protein-coding genes evolving rapidly (ATPase6 and ND2) in order to assess their real differential genetic structure and to provide more information about these two sedentary subspecies of the Yellow-breasted Boubou which firmly live now in isolated biotopes.
MATERIALS AND METHODS

MATERIALS
For the taxon sampling, we keep the same biological material already used in our first publication [1] . And for the species taxonomy, we will especially refer to our last study [1] as well as [7] .
METHODS
Genetic Distances of the Two Subspecies of the Yellowbreasted Boubou
To examine genetic distances between these two subspecies, we used nucleotide sequences of two mitochondrial genes (ATPase6 and ND2) and we selected as model "Number of differences" for estimates of their genetic distances using MEGA v3.1 [8] . For this, we used the same taxa for which Genbank accession numbers have already been published in our first study for a total of Operational Taxonomic Units of 35 (ND2) and 37 (ATPase6) ( Table 1) .
Mutational Differentiation Between the Two Subspecies of the Yellow-Breasted Boubou
In order to explore main kinds of mutations between these two subspecies, we considered to compare nucleotide sequences of their molecular markers. For this, we mainly used contigs of the sequences of the two mitochondrial genes (ATPase6 and ND2) which were aligned using the algorithm in Sequencher 3.1 [9] ; for each molecular marker, we compared nucleotide sequences of these two subspecies in order to find diverse kinds of mutations.
Phylogenetic Analysis
To examine phylogenetic relationships of these two subspecies of Laniarius atroflavus, we used same methods (Maximum Likelihood and Bayesian Inference). As results are same, in this present study we will lean on trees already obtained in our first study [1] in order to analyze their relationship as well as their closed relation with other ingroup taxa.
RESULTS
Genetic Distances Results Between these Two Subspecies
Results of the genetic distances are presented in Table 2 . According to these estimates, the subspecies Laniarius atroflavus atroflavus appears different to the subspecies Lanairius atroflavus craterum. Thus, with the protein-coding gene ND2, the genetic distance obtained between these two subspecies was of 2.14% ( Table 2) . With the ATPase6 gene, the genetic distance got between L. a. atroflavus and L. a. craterum was of 1.66% ( Table 2 ). In the same time, we noted that genetic distances between specimens of L. a. craterum caught in diverse parts of the Manenguba Mountain estimated with protein-coding genes ATPase6 and ND2 were only of 0% and 0.57%, respectively (see Table 2 ).
Mutational Differentiation Results Between these Two Subspecies
Results of the mutational differentiation are presented in Tables 3a and 3b and we note that only our mitochondrial genome permitted to observe the mutational differentiation between these two subspecies. According to these tables, the subspecies Laniarius atroflavus atroflavus presents several different molecular characters (substitution mutations) comparatively to L. a. craterum. With the two mitochondrial genes investigated, a total of 34 different molecular characters have been observed between these two subspecies of Laniarius atroflavus (Tables 3a and 3b ). Thus, with the protein-coding gene ATPase6, we noted 16 different molecular characters between these two subspecies (see Table 3a ). With the ND2 gene, 18 molecular characters have been retrieved different between L. a. atroflavus and L. a. craterum (Table 3b) . In our tables, we indicate accurately the number of substitution position such as observed in the Laniarius alignment of the two mitochondrial genes (Tables 3a and 3b).
Phylogenetic Results
As in our last publication concerning the genus Laniarius [1] , Laniarius atroflavus appeared moderately close to Laniarius mufumbiri only with our combined dataset but not with our ND2 and ATPase6 datasets (Figs. 3, 4 (Figs. 3, 4 and 5). But especially, all our phylograms with the two individual markers used as well as our concatenated dataset showed that Laniarius atroflavus atroflavus presents a very great divergence in relation to Laniarius atroflavus craterum (Figs. 3, 4 and 5). This divergence was strongly supported with high bootstrap values (PP 1.00 and PhyML bootstrap values 100). In this study, pictures of these two subspecies (L. a. atroflavus and L. a. craterum) clearly seem to confirm this strong divergence to their size variation as well as their general coloration (Figs. 3, 4 and 5) . We note that our nuclear marker used (BRM intron15) did not resolve the relationship between subspecies Laniarius atroflavus atroflavus and Laniarius atroflavus craterum (tree not shown).
DISCUSSION
Several phylogenetic aspects of the genus Laniarius are already discussed in our last publication (see [1] ). In this paper, we will focus on geological (plate tectonics) changes occurred in the CVL and subsequently their potential results on the diversification as well as the process of speciation of the endemic Yellow-breasted Boubou.
Geological Changes within the Laniarius atroflavus Geographic Range
Some geological events and paleomagnetic studies which are widely documented permit to know now that the CVL has been submitted to a polyphased volcanic activity since the Paleogene period after the distension of the African plate during the Cenozoic era and which would have separated the Cameroonian Highlands Forests and the East African Highlands Forests [10] [11] [12] [13] [14] [15] [16] [17] . Only, the origin of the CVL is more controversial and many hypotheses have been developed [16, [18] [19] [20] [21] [22] . Thus, the Manenguba Mountain is a volcanic complex which has been built for one part during the Cenozoic era and for another part during the Quaternary period whereas the most part of the Cameroon Mountain would have mainly been built by several volcanic activities during the Cenozoic era [12, 15, 17] .
Diversification of the Species Laniarius atroflavus
According to our unpublished dating results concerning the family Malaconotidae [23] as well as [24] , the diversification of the genus Laniarius from the genus Chlorophoneus took place during the Miocene epoch and this time period appeared older than the Quaternary period estimated for the separation between Laniarius atroflavus atroflavus and Laniarius atroflavus craterum (Billy Nguembock, personal PhD unpublished results [23] ). These putative dating results correspond remarkably with those suggested for several volcanic activities noted in the CVL [12, 15, 17] . Otherwise, we note a great difference on the CVL between the position of the Cameroon Mountain (down of the CVL) in relation to the position of the Manenguba Mountain (more near to Bamenda Highlands) (see Fig. 2 ). The genus Laniarius comprises exclusively sedentary birds. According to [25] , these birds rarely disperse more than a few kilometres from their natal sites contrary to migratory birds which have great dispersing abilities and can thus, disperse very far from their natal sites. For these sedentary birds, Highlands' forests, oceans, seas and sometimes a very long river constitute geographic barriers [23] . Based on our results, the genetic structure and the diversity within individuals of the species Laniarius atroflavus between West (Cameroon Mountain) and West (Manenguba Mountain) African parts appear to occupy distinct biotopes (Fig. 2, Tables 2, 3a and 3b) . Thus, we note a clinal size variation between individuals of the Laniarius atroflavus craterum (Manenguba Mountain, having greater mensurations) in relation to Laniarius atroflavus atroflavus (Cameroon Mountain, having smaller mensurations) and this clinal size variation is emphasized on individuals gazed at Oku Mountain (Billy Nguembock, personal observations). We also notice that sometimes the separation between some CVL Mountains is not strict but if a secondary contact occurs between populations of Laniarius atroflavus of the Bamenda Highlands as well as Manenguba Mountain and those of Cameroon Mountain, we think that it will certainly lead to reinforcement particularly with the clinal size variation, mensurations as well as the variation of the color of their breast and belly (Billy Nguembock, personal observations).
The speciation process, which began, is highlighted by the different genetic structure noted between individuals of the two subspecies of the Yellow-breasted Boubou of the West (L. a. atroflavus) and the West (L. a. craterum) African parts. Thus, with only two mitochondrial markers used, we found a total of 34 different molecular characters between these two subspecies of the species Laniarius atroflavus (Tables 3a and 3b) . It is widely known that mutations are the raw materials of evolution. They play a primordial role in the speciation as well as can constitute a great indicator; usually these mutations are those that can be passed on to offspring. Thus, for instance in order to highlight the northern and southern lineages of the medaka Oryzias latipes after the estimate of their divergence, [26] set a method which permitted to find several accumulated mutations since this divergence time which indicate a strict genetic separation between the two medaka populations. Thus, the mutational differentiation observed between these two subspecies of the Yellow-breasted Boubou appears as the occurrence of the parapatric speciation which certainly evolved in some cases towards a vicariant speciation between populations of these two sedentary subspecies with a stop of recurrent gene flow which is clearly revealed by their clinal size variation, mensurations as well as the variation of the color of their breast and belly.
We think that the use of several individuals of the populations of these two subspecies of the Yellow-breasted Boubou would have been better but we are confident that this would have not greatly altered our biogeographic as well as mutational results for which our phylogenetic results have already been published [1] because the genetic structure as well as the diversity within individuals of the Western (Cameroon Mountain) and Western (Manenguba Mountain) African populations of the species Laniarius atroflavus is highlighted in this study (Figs. 3, 4 and 5 and Tables 2, 3a and 3b).
Taxonomic Revision
A significant result of our study is the parapatric speciation which certainly evolved in some cases towards a vicariant speciation of the two subspecies of the Yellow-breasted Boubou highlighted in this study. For a long time, these two taxa were regarded as same species [2, 3, 6] , based on overall similarity in shape and pattern but probably also reflecting limited information on these two subspecies. For in-stance no earlier molecular study included all these two subspecies before our first study concerning the genus Laniarius [1] . We can now conclude that morphological similarities between these two sedentary birds have been of course acquired in their common ancestor but no enough now to characterize these two distinct taxa.
Leaning on our biogeographic and mutational results in this study and morphological differences, we suggest resurrecting names concerning the current name of Laniarius atroflavus:
Laniarius atroflavus Shelley, 1887; this taxon has been initially described as Laniarius atroflavus Shelley, 1887, from specimen collected at Cameroon Mountain. Afterwards, another taxon, Laniarius atroflavus craterum Bates, 1926, has been described from specimen obtained in the Oku Mountain. According to [27] as well as my personal observations on specimens of the Cameroon, Manenguba and Oku Mountains, morphologically, Laniarius atroflavus craterum is distinctly darker and greater than Laniarius atroflavus atroflavus. For instance whereas populations of the Cameroon Mountain have the breast and the belly with a blazing yellow, those of the Manenguba Mountain but especially those of the Oku Mountain have the breast and the belly with a very dull yellow. In Laniarius atroflavus atroflavus, wings measure 78-84 mm in males and 79-81 mm in females whereas in Laniarius atroflavus craterum, wings measure 90 mm in the male caught and 85-87 mm in females [6] . Otherwise according to this study, Laniarius atroflavus craterum Bates, 1926 appears molecularly different to Laniarius atroflavus atroflavus Shelley, 1887. For this, as in this study we include the type subspecies of the species Laniarius atroflavus and based on our results, we propose to resurrect separate names for these two distinct taxa according to our study: 1) Laniarius atroflavus Shelley, 1887, refers to Laniarius atroflavus atroflavus of the present study which has a very restricted range (Cameroon Mountain);
2) Laniarius craterum Bates, 1926 , refers to Laniarius atroflavus craterum of the present study which is distributed from Manenguba Mountain and a further large study involving specimens caught in Bamenda Highlands as well as South East of Nigeria is then required to clarify their geographic range limits.
CONCLUSION
In this study, Laniarius atroflavus atroflavus of the Cameroon Mountain appear different to Laniarius atroflavus craterum of the rest of the CVL and of the South East of Nigeria. Morphologically, these two taxa appear different by the size and the coloration as already mentioned by [6, 27] and molecularly, estimates of the genetic distance as well as their mutational differentiation based only on two mitochondrial genes confirmed this result. For these two sedentary taxa, geological events which separated these CVL Mountains would have stopped the recurrent gene flow emphasized by their clinal size variation, mensurations as well as the variation of their coloration and even a possible secondary contact would certainly lead to reinforcement showing that the process of speciation is done. Thus leaning on our biogeographic and mutational results as well as morphological observations, we suggest resurrecting their separate names, Laniarius atroflavus Shelley, 1887 and Laniarius craterum Bates, 1926 .
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